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Development of Multi-resistant Lines to Brown Planthopper, Bacterial Blight,
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Abstract : This study was conducted to develop multi-resistant lines to brown planthopper, bacterial blight, and rice stripe virus
using anther culture in rice. A total of 213 double haploid lines were developed the cross between HR26234-12-1-1 conferring
resistant to bacterial blight and rice stripe virus and SR30071-3-7-23-6-2-1-1 conferring resistant to brown planthopper, bacterial
bight, and rice stripe virus. Using DNA molecular marker, HR26234 and SR30071 were confirmed to have Xa3+xa5+Stvb-i and
Bph18+Xa4+Stvb-i, respectively. All double haploid lines carried Stvb-i, and Bphl8+Xa3, Bphl8+Xad4, Bphl8+Xa3+xas,
Bphi8+Xad4+xa5, bphli8+Xa3, bphl8+Xad4, bphl8+Xa3+xa5, and bphl8+Xa4+xa5 combinations were identified. Segregation
distortions such as no combinations carrying Bphi8(or bphl8)+xa5+Stvb-i and fewer lines carrying Bphl8 than bphl8 were
occurred in DH population. Brown planthopper resistant lines carrying Bphl8 showed longer culm length than susceptible lines.
Selected Bphl8+Xa4+xa5+Stvb-i combination lines with short culm conferred resistant to brown planthopper, bacterial blight,
and rice stripe virus, while showed deleterious effects such as spikelet sterility, lower yield, and vulnerable to lodging than
standard and comparative varieties. Using anther culture, we rapidly developed multi-resistant lines to brown planthopper,
bacterial blight, and rice stripe virus. However, distorted segregation in DH population and linkage drag with Bphl8 were
obstacles to develop practical multi-resistant cultivars.
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Genomic DNA F&2 BioSprint 96 (Qiagen Co., Germany)

2 0|83t} AMES TissueLyser I (Qiagen Co., Germany)
£ o]gslo] upafat & BioSprint 96 DNA Plant Kit (Qiagen
Co., Germany)2 o|§3}o] DNAS ZZ3}9ith. WETH

R AR FAA Stvb-i, BT AR FAA Bphls,
wslolutEs APA GAA Xa3, Xad, xa5 S BlEH7] 9

3 i kel WA sHAl A¥kE DNA &2k upA <l ST10
(Hayano-Saito et al. 2000), 7312.T4A (Jena et al. 2000),
9643.T4, 10571.T14, 10603.T10Dw2 ©]-&3} % tKTable 1).
PCR-S 10 ng®] DNAS} AccuPower” PCR PreMix (Bioneer

Table 1. Gene-specific PCR primers used for the identification of resistance genes.

Primer sequences

Expected size

R-genes Chr. No. Marker name Reference
Forward (5°-3°), Reverse (5°-3°) (bp)
CGAAAGATGGTTTCTCCACC Hayano-Saito et. al.
-1 11 Tl 2
Stvb-i STIO GACCAAGCAACTAATGACGC 727 (2000)
ACGGCGGTGAGCATTGG 398 Jena et al.
Bphis 12 7312.T4A TACAGCGAAAAGCATAAAGAGTC 566 (2006)
AGCCGAGCAATGATACCGACA Jeung et al.
X 11 43.T4 2 .
a3 9643 ACAACTGGGATCGAACCGACA %0 (unpublished)
TGTTGGAGGATTGGCAAGGAA Jeung et al.
Xad H 10571.T14 TTCGTTGCGGCGTTGTTAATC 370 (unpublished)
a5 5 10603.T. 10Dw GCACTGCAACCATCAATGAATC 280 Jeung et al.

CCTAGGAGAAACTAGCCGTCCA

(unpublished)
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A 8%l M2 2o 7ol B vl vushirt
Z o
okHioF HE SN
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A EAI YallE AFALS Table 29} Zth SR300710]
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ml

o

Ej:" I=PS|
o =
EA BEXL SAS xZFZIW(Version 9.2, SAS Institute XNt SHER =hol
Inc, Cary, North Carolina)S ©]-83s}3ith A4 42 = 23 oAzl A3kE DNA Ex| nfAE ol&sle] A3 &
T FAF A e B FEHAE Ve FANCE ANES Flslgth HR26234%= Xa3+xad, Stvb-iS SR30071
Tt Bt7k Hlale PROC ANOVAR #AREA 3 - & Bphl8, Xad, Stvb-iS 7} 3L Q= 202 eyt ol
Table 2. Characteristics of the parents using anther culture.
. . Reaction to
Heading Culm Panicle No: of 4 ‘ bacterial blight .
Parents date length length panicles  rice stripe brown —————— Resistance genes
(DAS") (cm) (cm) per hill virus plant-hopper Kl K3a
race race
HR26234-15-1-1 104 72 18 13 R’ S R R Xa3+xa5+Stvb-i
SR30071-3-7-23-6-2-1-1 99 83 22 9 R R R R Xa4+Bphl8+Stvb-i

“Day after seedling
'R and S mean resistant and susceptible to insect and disease

Table 3. Anther culture ability and double haploid lines derived from the cross of HR26234-15-1-1/SR30071-3-7-23-6-2-1-1.

Anther cultured Cali induced Plant regeneration Green plants Albino Double haploid lines
(no.) (no. and %) (no. and %) (no. and %)’ (no. and %)" (no.)"
5,300 1,898 (35.8) 399 (21.0) 232 (58.1) 167 (41.9) 213

“Percent plant regeneration is the number of plants regenerated over number of cali plated
Percent green is the number of green plants regenerated over total plants regenerated
*Percent albino is the number of albino plants regenerated over total plants regenerated
“Double haploid lines are harvested plants having fertile grain
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Al orl AleES BT Swb-iE 7HAAL URUAL, Bphl8
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—— —
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Fig. 1. PCR analysis to confirm the resistance genes using the gene specific DNA markers. Stvb-i, Bphl8, Xa3, Xa4, and xa5 was
confirmed by PCR product amplified with primer, ST10 (A), 7312.T4A(cleaved by Hinf'I, B), 9643.T4 (cleaved by Tagal,
C), 10571.T14 (cleaved by Tsp509 I, D), and 10603.T10Dw (cleaved by Rsa I, E), respectively. The white stars represent

the lines carrying the resistance genes.

Table 4. Agronomic characteristics of the groups classified by resistance genes combination and their resistance reaction to brown

planthopper and bacterial blight.

Resistance gene Reaction to

No. of Reaction BB

Heading date

Culm length  Panicle length No. of panicles

RSV*  BPH BB lines to BPH (DAS) (cm) (cm) per hill  Remark
K1 K3a

Xa3 10 R S 112 £ 24ab’ 77.1 £35bc 193 + 1.7¢c 9.7 £ 1.3¢c sterility
Xad 9 N R R 106+ 19abc 804 + 50ab 220+ 07a  12.1 + 1.0a

Bphl$  Xa3txas 13 R R 113+130a 837=108a 206+12b 119+ 19  sterlity
Xadtxa5 10 R R 10l %18 768 +42bc 210+ 08> 119 + l.4a
. Total 42 108 + 89A 798 £ 74A 207 + 1.5A 114 = 17A
Svbt Xa3 53 R S 107+ 125abc 684 +69d 204 % 1.1b 118 + 1.6ab
Xad 60 < R R 104%80bc 701 +79d 207+ 11b 114 + 1.5ab
bphl8  Xa3txas 51 R R 109+ 10abc 704 + 62d 208 + 14b 117 + 1.6ab
Xadtxas 7 R R 103+7lc 718 +46ed 209 %09 105 + 1.5bc
Total 171 106 = 103A 697 £ 7.0B 207 £ 12A 116 + 1.6A

“RSV: rice stripe virus, BPH: brown planthopper, BB: bacterial blight

"Means with same letter are not significantly different at P< 0.05 (ANOVA followed by DMRT)
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Zpo]7F gll ot 2H4o] 10.1 ecm Zith Bphl8 HG Als % LS AS MY ¥ s Ed
QIS Xa39t Xa3+xad 299 AEE &7 =1L HE A9 AR Bphis, WEANEY A #4
=90 Wt & gof Fdo| WA ALYty 2} Xad+xa5, BEFEQutEr A8 §H42; Swb-i7h A A
Bph18 AeS HET F52 AN BphlE 7= 5 7 A Adste] 2012 B4k HAPAIE S 369
3 R332} Bph3E 7HAl= QI 7F IR729}F H|S3E 0 HTable 5). £5U54E 96, 97UE AM(110Y), FHH
7ot A3 w32 Ut thFig. 2). Xa4, Xa3+xa52} Xa4 (106), ¢H)(102) 2.0} W2 Z=A£0]9) 1, K-S 66~71 cm
+xaSe H3QuEY K11} K3ag|o| Ao AFHA ¥h-e-S U 2 Z(71 cm), GHB(78), QHu)(77) R Zon, Stas
Epich L 102~ 118702 Au(937H), Tuj(95) Kt W OJUI

(119)Hth= Hlt} S280] 72.0~80.7% 0F|(84.0

HR28869-AC lines
(HR26234/SR30071)

Fig. 2. Resistance reaction of SR30071-3-7-23-6-2-1-1 (A) and double haploid lines (B) derived from the combination of HR26234-

15-1-1/SR30071-3-7-23-6-2-1-1 to brown planthopper at seedling stage.

Table 5. Yield-related traits of varieties and DH lines at yield trial.

Heading Culm Panicle NO: of N.O' of R?tio of 1’00.0 grain Rough Brown/rough Brown Index of

Var./lines date  length length P an;crles P 1k:iets np;r;reld ;: zﬁltﬁo(i rice yield rice ratio rice yield ricl::rovig &
(DASY)  (cm)  (cm) Eﬂl paﬁ’ﬁcle g(%) © (kg/10a) (%) (kg/10a) (02)
Nampyeongbyeo ~ 106b* 78.3a  20.0bc 14 95b 90.1a 20.9ab 647a 79.2 512a 100
Jinbaek 110a  71.4b  20.8b 15 93b 87.6a 21.3a 643a 79.8 513a 100
Anmi 102c  76.5a  22.9a 13 119a 84.0ab 20.3b 674a 79.4 535a 104
HR28869-AC65 96d 65.6d 19.8¢c 13 102ab 77.8bcd  20.6ab 528b 79.2 419bc 82
HR28869-AC68 96d  67.4bcd 19.9¢ 13 114a 78.5bcd  20.3b 517b 79.2 410bc 80
HR28869-AC75 96d  67.5bcd 203bc 12 118a 80.7bc 21.2a 508b 79.6 404bc 79
HR28869-AC117  97d  70.6bc 20.1bc 12 107ab 78.7bc 20.9ab 527b 79.6 419bc 82
HR28869-AC157  96d  67.0cd 20.0bc 12 114a 74.8cd 21.1a 505b 79.2 400c 78
HR28869-AC158  96d  67.1bcd 20.3bc 12 109ab 79.4bc 21.2a 537b 79.6 428b 84
HR28869-AC159  96d  68.5bcd 20.4bc 12 107ab 72.0d 20.9ab 508b 79.7 405bc 79

“Day after seedling

YBrwon rice yield of Nampyeongbyeo was a standard
*Means with the same letter are not significantly different at P< 0.05 (ANOVA followed by DMRT)
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i

HEASe ez Xy ds
&

E2 A7k YA o= kot Table 7).

Fig. 3. Resistance reaction to brown planthopper. At seedling stage (A). At maximum tillering stage (B). 1: Nampyeongbyeo, 2

Jinbaek, 3: Anmi, 4: HR28869-AC65, 5: HR28869-AC68, 6: HR28869-AC75, 7: HR28869-AC117, 8: HR28869-AC157, 9:
HR28869-AC158, 10: HR28869-AC159. Check variety is Nampyeongbyeo.

Fig. 4. Resistance reaction to bacterial blight, K3a (HB1009 isolate) race. Lesion length at 2 weeks after inoculation (A). Field scenery

at maturing stage after inoculation (B). 1: Nampyeongbyeo, 2: Jinbaek, 3: Anmi, 4: HR28869-AC65, 5: HR28869-AC68, 6:

HR28869-AC75, 7: HR28869-AC117, 8: HR28869-AC157, 9: HR28869-AC158, 10: HR28869-AC159. White bar indicates 10
cm.
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=]
iy

ofg] S FollA Y SE7IHE BEAI7] L
ol 1A TS JNdsh=dl f-85tH(Grewal et al.
2011). HAYWEHY HEFHYEHl| AP AT
HR26234-12-1-1 (0|3} HR26234)37} ¥dL, w3]olup=yy
4 HELY ey oﬂ 2844l SR30071-3-7-23-6-2-1-1
(0]3} SR30071)AS-S 3 wufat Fi okufjokale] 3 213
N 1ZASE &7 l:q*gs %ItKTable 3). DNA £z} 07

7} 1L QQtk(Collard and Mackill 2008). A3} SFAFY <
A s AR FAAE EASHE 24 vEA7E 7 E o] §)
= BF olF ZEot] A A =Y o RE 27] Al
HH g1 4= glom oy A FHAAE shtel 5
HAAAZ 4= gJtiDokku et al. 2013, Suh et al. 2013, Xu
2013). 2 Aol A= WET AR -4} Bphi8ol 7312.T4A
(Jena et al. 2006), W3 AuE5 A FHA Xa3, Xad,

Table 6. Reaction of varieties and DH lines to brown planthopper, bacterial blight, and rice stripe virus.

Brown planthopper

Bacterial blight

Var./lines ) at maximum Rice‘ stripe Resistance genes
at seedling fillering K1 K2 K3 K3a virus

Nampyeongbyeo s S S S S S R Stvb-i

Jinbaek S S R R R R S Xa3+xas

Anmi R R R R R S R Bph18+Xa3+Stvb-i

HR28869-AC65 R R R R R R R Bphl8+Xad+xa5+Stvb-i
HR28869-AC68 R R R R R R R Bphl8+Xad4+xa5+Stvb-i
HR28869-AC75 R R R R R R R Bphl8+Xad4+xa5+Stvb-i
HR28869-AC117 R R R R R R R Bphl8+Xad4+xa5+Stvb-i
HR28869-AC157 R R R R R R R Bphl8+Xad4+xa5+Stvb-i
HR28869-AC158 R R R R R R R Bphl8+Xad4+xa5+Stvb-i
HR28869-AC159 R R R R R R R Bphl8+Xad4+xa5+Stvb-i

‘R and S mean resistant and susceptible to insect and disease

Table 7. Comparison of the control and K3a inoculation about

rice yield, ratio of ripened grain, and perfect kernel of brown rice.

Control K3a inoculation
Var/lines Rough rice  Brown rice Ratio of  Perfect kernel Rough rice Brown rice Ratio of  Perfect kernel
yield yield ripened grain of brown rice yield yield ripened grain of brown rice
(2 (2) (%) (%) (€3] (2 (%) (%)
Nampyeongbyeo 549 447 87.8 74.5 470" 378" 795" 639"
Jinbaek 543 447 85.3 84.2 539™ 443™ 85.0™ 82.2™
Anmi 554 455 83.7 76.1 490 399" 715" 72.1°
HR28869-AC65 376 304 83.7 72.1 362™ 292™ 81.7" 70.1™
HR28869-AC68 445 362 78.1 75.3 417" 341™ 77.7" 74.4™
HR28869-AC75 406 331 73.2 73.7 389™ 318™ 65.6" 724"
HR28869-AC117 431 352 76.6 73.7 394 322° 74.6" 73.6"
HR28869-AC157 429 352 75.9 73.8 419" 343™ 70.8™ 72.7"
HR28869-AC158 450 368 75.7 72.2 419" 343" 70.2™ 70.9™
HR28869-AC159 430 352 72.3 73.1 407™ 332" 71.7" 71.8™

z

ns, *, and “'mean no significant, significant at P< 0.05, and P<

0.01 by t-test, respectively
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xa5°] 9643.T4, 10571.T14, 10603.T.10Dw (Jeung et al.
unpublished), HEFH A0S A3 F7307F Stvb-iof] ST10
(Hayano-Saito et al. 2000)-& o]-&3}o] A3 AR =<
B2 31915} ch(Fig. 1). HR26234= Xa3+xas, Stb-iZ,
SR30071-& Bphl8, Xa4, Stvb-iS 7}A 1L Q= AL = YE}
ek opik fe A F BphIse AT G AT 42
AEo2 171719 bpht8 Aol Hla) 4u) ks HA wAyel
AT 2y FPs HAATLEY ARA S48 28 Sl
xa5 =5 AEE WAYSHA okt EIF Bphi8+Xad+xaS+
Stvb-i Ao} A 239 AdkE 78 WHE AeEe
=570, M, %, v S, 55E T wU3 ] vkt
2 YEN o] segregation distortion®] BAYSE Aoz Al
tH(Table 4, 5). Segregation distortion> E-2]| % thof A
SRS wh=A] oFal HO| HolA izt A Y
= mEE Ao ol ZRtthEA] £ ufe
Axpego] MeA o pAlo] Hoji B Aoz
ATHXu et al. 1997). ofHjefol Al Qltj7h= oFef =
AL PAHED A=A ARske 2 g Wy
AEU7to| Hlste] 23t A& Hole AL
1ol Aejgof whel 2 H(Grewal et al. 2011),
AAEY 28] o8] 54 g 42 ®
o] #& A AR AEA o=
5to] segregation distortion©] EHAYsl= A o2 H oIt}
AU A At A4 Wl oR e AE
dlo] ARel SHAE Bushzn] ARl o] nel
a7 Sl8l eluizhe] gaet 9AAE AEUsR melahy
o1 HEH SEWL FEANE £ 29, Bokd 23
I Fofgd sRk(linkage drag) o= o]#Zo] 3lthJeung et
al. 2005). Bphl8 A3 GHA = oW O.australiensis =
FE Q7 Algol ol A= MAST|HT A Ao vi7
ELX(genome-wide background analysis)& 3l ZEZY7}
Fd wjAo] == ckJena et al. 2006, Suh et al
2011). Bphi8-Z 1281 FAA| Zgebo]l 9x|5kaL §lom o] 2
Aole wENY HHE iy A% Kubo
and Yoshimura (2005)+= 129 GAA] 2t A QlT)7} #5
[R249} AFEZ U7} &% Asominorie] FA] 3t FeEE
HYGAA}F hsal-IRS E 135}, Yara et al. (2010) FE3t
Bph26()%} hsal 2ol X ATt BAY hsV(0)7 27
e skgick 20119 §4 BAl Bphl8 B4 g Als
Xa39} Xa3+xa5 ZF-E At UL el oL SR30071
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ooz
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rE
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Jo
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9] Xa42} HR262342] xa57} A= SAA AA Xad+xas
23] ATE Bl A7 gle Aoz wdtEo] Adst
o] HAHAAS 3kl v 2012 A4k A Al
o Soll BphiS+Xad+xa5s 22| Ag=olA EUS &
o] BAE ¢lth(data not shown). ol= AlHIHofAf Y
HEZ}F o] R x| 2] SkAL 2012 7)Ao &4 ol 3
< A Ao g Az A2zt S WiE o8 Bphils
o] ={1% SR30071 %] ASEL Bphl8 A vlAE ©]
5to] MAS $ RHEAQ] o Wil & F3f S/ = o] e
Aol FEHRE 3)Eo] Hlou, ojur] Fof AFEo] o
A4 A A 7 BAS AT AT 1,2, 10, 11, 129 9
Aol Bphl8 4=01%1Q1 t)7} Als IR65482-7-216-29]
@A) Meo] o} U o] = ofe) Al 2ol B
glo] §-#] Hrlal 319 tH(Shin et al. 2011, Suh et al. 2011).
olt)7} IR249] Eud HYGAA}F hsal-IR (Chr. 12)=
Asominorio] B3t A E JHSAHA hsa2-As (Chr. 8)QF
hsa3-As (Chr. 9)¢} qF Als/doll AT 735 At &0l &
A Kubo and Yoshimura 2005). hsal-IR 2Y& o] hsa2-As
Q} hsa3-As7} A9 A(epistasis)2 LERY L o]|2 213t E¢
AL 54 didwdd =39 A9A AAE 7HeA |
ch whebA] oFefoF Feholl A segregation distortiono]| BHAYSH
Aoyt A AlFSolA Yol WA AL A2 1 +
Bphl§ 729 ¢ ¥ tfeF3xket 49dS Uehdl= o
£ RS 23l 71913 AoR AgZgitt
Shin et al. (2011)2 AFZ U7} wol| Bphl8 =23 Ao
FUTE A Row, M A2 2 Ror Aoy
SHEE 32 £og s njAes Aoz Bl sl
2 Aol A Bphl8 = AEol bphl8 Aol Hs] 1M
o] FoJgt oA 10.1 em ZAL S5HES REEFST H]
WEZEo| vlsl WAtHTable 4, 5). Bph18o] A|5kaL 3l
L2 Q) el T v AR SR Bph,
bph2, Bph9, Bphl0, Bph21, Bph26(1)7} 91|51 Ao o
#H#] QlthJena and Kim 2010, Murai et al. 2003, Yara et
al. 2010). Bphl= 7V-S =7 stchal 54913 bph2o] <)
g 3] dojA =&EAG7E AXY Sk3ithLee et
al. 2005, Yeo and Sohn 2001, Yeo et al. 2002). o|&{gt 2
I= F5to] Shin et al. (2011)2 121 FAHA] Aebo]] ZA)
St Bphl, bph2, Bphl8& 7 Ao WAs] dvkE o]
o] ol FAAE 7HALL Qe W FFES A olAl

£3 5] 412 B4 4 Z0R Balt skt # 47
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5o Al
£ ASES FEETY FEvel vuEEel 2y, <tuje
vl A 7ol AQti(Table ). sHAIT S< 79| o]5 7
SEY AEA 7187t 71&olA Gl E EE QFg A o]
A Zgt EAJo] YEebyt=t(data not shown). M2 Foj&
Aot Addor 3-YS] dol7t do] =& b o]

Al F3E Ao opd7t Azl
SEuet HAdnEY ARPUeR Bol BEHI Qe
Xa3= Ao AEY 7} dE Z329] Wase Aikoku 323
B FAfishRa 1991 o] A3 5 shduet SHsH7t
A o5 ol olgslo] B ek Bl AE )
(Kim et al. 2007, Shin et al. 2011). S HjE S L=
Al Aus Z% DV859] xasE X}:-ELP}
HAA; Agol %
HFE ojojA] 20060 o] %‘*5]&’13’— ol5 &-§3s}o]
Xa39} xa57F ATE Au(2008)0] o] o]l K3a
of tf-3-& WokS ulASI T Shin et al. 2011). dA Sy
o AEUsL wRukEy Aaby SEAe] BE 447
Z32 Xa39}t xa57v AYE Xa3+xa5 Z3H(Park et al
2013)0.8 0|5 23to] £X o7 ZMW(2008), AM(2010), 3
F(2013)0] e o AFA AR =Yl whE Foty
A il FAle B 8Pt Qlok Xede AY7E #5 TKM6
Z 7 E°‘El°1 AY7F FF HSdnEY AR
FH 51 o]-8E At Mew et al. 1992). Suh et al. (2013)=
DNA £z} U}?] 4 o] wHj ¥ (marker-assisted backcrossing;
MAB)2 0]|-&3}9] Xa4+xa5+Xa2l-°— AZY 7} ZZ0) 29
319, o5 =YE ojwul 2™ 84 AlE(advanced backcross
breeding line; ABL)E2 €¢ é | $EkElR] oF31 "HEEZ]
o) AT EE} vse FAYLT BY B ehd
o Sk SHATE Xad obH7kA] Selufetelx] ARl
2% 7ol B4 Hol Q7] uho] Xad Qo] e et
7] okl BEx|Ho] WSt 4= Qlovg WU AV IQ
soha zkiy. Seluel Amus) v E5e) viE Ry o}
29 AL AT7 Modan §2) A4 $HR Swb-ivh
EYEe] AR o]§H IriKwon et al. 2012).
197540 2| z29] A3 &30 Y7} 7/ (Chung et al.
1975)% o= A FZMoll Stvb-io] A&H o= o]g
3L 9oy Swb-i =e] wE oA pub FAl= Ha
g Hp7E Qi

=T 25 § FEREEDE =

K
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= Jol BREEA AES FRE 4 st
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